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Details of Quadratic-Quartic Potential
Assume a quadratic-quartic potential for the bending mode (#39) in cyclopentane, where the half-chair (HC) is the mimima and the envelope (envo) is the saddle point. So the potential is expressed as:
The first derivative is:
The second derivative is:
Given the distance between the envo and HC is q HC , at the stationary points, 0
, therefore:
So substitute equation (4) into equation (2), we can get:
The solution to equation (5) is:
Take (6) into (3) we can thus get:
So the frequencies of Mode #39 of envo and HC conformers are:
We can thus know that the frequency #39 of HC is 2 larger than that of envo in magnitude. 
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After several interaction steps, the structure of HC is finalized and pending below. 
Therefore, we can obtain A = 6.58×10 15 J/m 4 .
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C-C Bond Dissociation Energies by M06-2X/MG3S
Figure S1. The geometry and atom numbering of cyclopentane (cycloC5). Figure S3 . Relaxed torsional potential energy curve for the C-O torsion at the transition state as calculated by M06-2X/MG3S. 7.43E-11 7.42E-11 6.06E-11 5.98E-11 6.06E-11 5.98E-11 1.43 1.42E-10 1900 8.48E-11 8.47E-11 6.99E-11 6.87E-11 6.99E-11 6.87E-11 1.45 1.62E-10 2000 9.62E-11 9.60E-11 8.00E-11 7.84E-11 8.01E-11 7.84E-11 1.47 1.83E-10 a QQ/QH is the quadratic-quartic anharmonicity correcting factor. The MS-CVT/SCT rate constants are the products of CVT/SCT rate constants and QQ/QH and MS-T factors. The MS-T factor is in Table S4 . Figure S4 . CVT/SCT rate constants by different anharmonic treatments: (a) single structural FR, (b) single structural HR. In the notation of rate constant, the headnote indicates the kinetic theory; the footnote indicate the torsion considered. The normal modes ω i replaced by torsions are shown in the brackets. The measurements were performed by Jolly et al. 1 , Droege et al. 2 , Donahue et al. 3 , DeMore et al. 4 , Sivaramakrishnan et al. 5 and Gennaco et al. 6 .
MS-T Internal Coordinates for TS: Two Torsions

MS-T Internal Coordinates for TS: One Torsion
